
US 20060210565A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2006/0210565 A1 

Tracey et al. (43) Pub. Date: Sep. 21, 2006 

(54) 

(76) 

(21) 

(22) 

(60) 

ANTAGONISTS OF HMG1 FOR TREATING 
INFLAMMATORY CONDITIONS 

Inventors: Kevin J. Tracey, Old Greenwich, CT 
(US); Haichao Wang, Avenel, NJ (US) 

Correspondence Address: 
HAMILTON, BROOK, SMITH & REYNOLDS, 
RC. 
530 VIRGINIA ROAD 
P.O. BOX 9133 
CONCORD, MA 01742-9133 (US) 

Appl. No.: 11/292,320 

Filed: Dec. 1, 2005 

Related US. Application Data 

Continuation of application No. 10/242,056, ?led on 
Sep. 11, 2002, noW Pat. No. 7,060,504, Which is a 
continuation of application No. 10/210,747, ?led on 
Jul. 31, 2002, Which is a continuation of application 
No. 09/503,632, ?led on Feb. 14, 2000, noW Pat. No. 
6,468,533, Which is a division of application No. 
09/248,574, ?led on Feb. 11, 1999, noW Pat. No. 
6,303,321. 

Publication Classi?cation 

(51) Int. Cl. 
A61K 39/395 (2006.01) 
A61K 38/17 (2006.01) 
A61K 48/00 (2006.01) 
A61K 31/225 (2006.01) 
G01N 33/543 (2006.01) 
A61K 31/401 (2006.01) 

(52) us. c1. ...................... .. 424/145.1;514/44; 436/518; 

514/423; 514/548; 514/460 

(57) ABSTRACT 

There is disclosed a pharmaceutical composition and 
method for treating sepsis, including septic shock and ARDS 
(acute respiratory distress syndrome), comprising adminis 
tering an e?‘ective amount of a HMGl antagonist. There is 
further disclosed a diagnostic method for monitoring the 
severity or potential lethality of sepsis or septic shock, 
comprising measuring the serum concentration of HMGl in 
a patient exhibiting or at risk or exhibit sepsis or septic shock 
symptoms. Lastly, there is disclosed a pharmaceutical com 
position and method for e?cecting Weight loss or treating 
obesity, comprising administering an e?‘ective amount of 
HMGl or a therapeutically active HMGl fragment. 
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ANTAGONISTS OF HMG1 FOR TREATING 
INFLAMMATORY CONDITIONS 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention provides a pharmaceutical 
composition and method for treating diseases characterized 
by activation of an in?ammatory cytokine cascade, particu 
larly sepsis, including septic shock and ARDS (acute respi 
ratory distress syndrome), comprising administering an 
effective amount of an antagonist to the high mobility group 
1 protein (HMG1). The present invention further provides a 
diagnostic method for monitoring the severity of sepsis and 
related conditions, comprising measuring the serum concen 
tration of HMG1 in a patient exhibiting symptoms of a 
disease characterized by activation of in?ammatory cytok 
ine cascade. Lastly, the present invention provides a phar 
maceutical composition and method for effecting Weight 
loss or treating obesity; comprising administering an effec 
tive amount of an HMG1 protein or a therapeutically active 
fragment of the gene product of an HMG1 gene. 

BACKGROUND OF THE INVENTION 

[0002] Sepsis is an often fatal clinical syndrome that 
develops after infection or injury. Sepsis is the most frequent 
cause of mortality in hospitalized patients. Experimental 
models of gram negative sepsis based on administration of 
bacterial endotoxin (lipopolysaccharide, LPS) have led to an 
improved understanding of the pathogenic mechanisms of 
lethal sepsis and conditions related to sepsis by virtue of the 
activation of a common underlying in?ammatory cytokine 
cascade. This cascade of host-response mediators includes 
TNF, IL-1, PAP and other macrophage-derived factors that 
have been Widely studied as acute, early mediators of 
eventual lethality in severe endotoxemia (Zhang and Tracey, 
In The Cylokine Handbook, 3rd ed. Ed Thompson (Aca 
demic Press Limited, USA). 515-547, 1998). 

[0003] Unfortunately, therapeutic approaches based on 
inhibiting these individual “early” mediators of endotox 
emia have met With only limited success in large prospective 
clinical trials against sepsis in human patients. It is possible 
to infer from these disappointing results that later-appearing 
factors in the host response might critically determine patho 
genesis and/or lethality in sepsis and related disorders. 
Accordingly, there is a need to discover such putative “late” 
mediators necessary and/or su?icient for part or all of the 
extensive multisystem pathogenesis, or for the lethality, of 
severe endotoxemia, particularly as endotoxemia is repre 
sentative of clinical sepsis and related clinical disorders. 

[0004] HMG1 is a 30 kDa chromosomal nucleoprotein 
belonging to the burgeoning high mobility group (HMG) of 
non-histone chromatin-associated proteins. As a group, the 
HMG proteins recognize unique DNA structures and have 
been implicated in diverse cellular functions, including 
determination of nucleosome structure and stability, as Well 
as in transcription and/or replication. The HMG proteins 
Were ?rst characterized by Johns and GoodWin as chromatin 
components With a high electrophoretic mobility in poly 
acrylamide gels (see in The HM G Chromosomal Proteins, E. 
W. Johns, Academic Press, London, 1982). Higher eukary 
otes exhibit three families of HMG proteins: the HMG-1/-2 
family, the HMG-14/-17 family and the HMG-1/-Y family. 
Although the families are distinguishable by size and DNA 
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binding properties, they are similar in their physical prop 
erties. HMG proteins are highly conserved across species, 
ubiquitously distributed and highly abundant, and are 
extractable from chromatin in 0.35 M NaCl and are soluble 
in 5% perchloric or trichloroacetic acid. Generally, HMG 
proteins are thought to bend DNA and facilitate binding of 
various transcription factors to their cognate sequences, 
including for instance, progesterone receptor, estrogen 
receptor, HOX proteins, and Octl, Oct2 and Oct6. Recently, 
it has become apparent that a large, highly diverse group of 
proteins including several transcription factors and other 
DNA-interacting proteins, contain one or more regions 
similar to HMG1, and this feature has come to be knoWn as 
the HMG1 box or HMG1 domain. cDNAs coding for HMG1 
have been cloned from human, rat, trout, hamster, pig and 
calf cells, and HMG1 is believed to be abundant in all 
vertebrate cell nuclei. The protein is highly conserved With 
interspecies sequence identities in the 80% range. In chro 
matin, HMG1 binds to linker DNA betWeen nuclesomes and 
to a variety of non-[3-DNA structures such as palindromes, 
cruciforms and stem-loop structures, as Well as cisplatin 
modi?ed DNA. DNA binding by HMG1 is generally 
believed to be sequence insensitive. HMG1 is most fre 
quently prepared from Washed nuclei or chromatin, but the 
protein has also been detected in the cytoplasm. (Reviewed 
in Landsman and Bustin, BioEssays 151539-546, 1993; 
Baxevanis and Landsman, Nucleic Acids Research 23:514 
523, 1995). To date, no link has been established betWeen 
the HMG proteins and any clinical condition or disease. 

[0005] HMG1 has been alternatively identi?ed as a hep 
arin-binding protein abundantly expressed in developing 
brain and dubbed “amphoterin” for its highly dipolar 
sequence, comprising tWo internal repeats of a positively 
charged domain of about 80 amino acids (the HMG1 box) 
and an acidic C-terminal domain containing a stretch of 
approximately 30 continuous glutamic or aspartic acid resi 
dues. Amphoterin/HMGl has been localized to the outer 
surface of the plasma membranes of epithelial, and espe 
cially neuronal cells, Where it has been speci?cally localized 
to the ?lipodia of neural cells. Inhibition studies have 
suggested that amphoterin/HMGl is required for process 
(neurite) extension and amphoterin/HMGl also may be 
involved in neuron-glia interactions (Merenmies et al., J. 
Biol. Chem. 266116722-16729, 1991; Merenmies et al., J. 
Biol. Chem. 266116722-16729, 1991; Milev et al., J. Biol. 
Chem. 27316998-7005, 1998; and Salmivirta et al., Exp. Cell 
Res. 2001444-451, 1992). Amphoterin/HMGl can be 
released from murine erthroleukemia cells after stimulation 
With the chemical inducer hexamethylenebisacetamide 
(Melloni et al.,Biochem. Biophys. Res. Commun. 210182-89, 
1995). Previous study suggested that the gene product of the 
HMG1 gene functions as a differentiation enhancing factor 
by stimulating ot-PKC (Melloni et al., Biochem. Biophys. 
Res. Commun. 210182-89, 1995; and Melloni et al., FEBS 
Len. 3681466-470, 1995). 
[0006] The HMG1 gene product has been shoWn to inter 
act With plasminogen and tissue-type plasminogen activator 
(t-PA) and effectively enhance plasmin generation at the cell 
surface, a system that is knoWn to play a role in extracellular 
proteolysis during cell invasion and tissue remodeling. 
Amphoterin/HMGl has also been shoWn to interact With the 
receptor of advanced glycosylation end products (RAGE) 
(Mohan et al., Biochem. Biophys. Res. Commun. 1821689 
696, 1992; YamaWaki et al., J. Neurosci. Res. 441586-593, 



US 2006/0210565 A1 

1996; Salmivirta et al., Exp. Cell Res. 200:444-451, 1992; 
and Vassalli et al., J. Clin. Invest. 88:1067-1072, 1991), 
(RedlitZ and Plow, Baillieres Clin. Haemalol. 8:313-327, 
1995; and Parkkinen et al., J. Biol. Chem. 266:16730-16735, 
1991). 
[0007] There is a longstanding need in the art to discover 
improved agents that can prevent the cytokine-mediated 
in?ammatory cascade and have therapeutic activity in a 
large variety of cytokine-mediated in?ammatory diseases. 
The present invention Was made during the course of 
investigative research to identify agents that mediate toxic 
ity, pathogenesis and/or lethality in sepsis and other disor 
ders related by a common activation of the in?ammatory 
cytokine cascade. 

[0008] Disease and conditions mediated by the in?amma 
tory cytokine cascade are numerous. Such conditions 
include the following grouped in disease categories: 

[0009] Systemic 
Which includes: 

In?ammatory Response Syndrome, 

[0010] Sepsis syndrome 
[0011] Gram positive sepsis 

[0012] Gram negative sepsis 

[0013] Culture negative sepsis 

[0014] Fungal sepsis 
[0015] Neutropenic fever 

[0016] Urosepsis 
[0017] Menin gococcemia 

[0018] Trauma hemorrhage 

[0019] Hums 

[0020] IoniZing radiation exposure 

[0021] Acute pancreatitis 

[0022] Adult respiratory distress syndrome (ARDS) 

Reperfusion Injury, Which includes 

[0023] Post-pump syndrome 

[0024] Ischemia-reperfusion injury 

Cardiovascular Disease, Which includes 

[0025] Cardiac stun syndrome 

[0026] Myocardial infarction 

[0027] Congestive heart failure 

Infectious Disease, Which includes 

[0028] HIV infection/HIV neropathy 

[0029] Meningitis 

[003 0] Hepatitis 
[0031] Septic arthritis 

[0032] Peritonitis 

[0033] Pneumonia Epiglottitis 

[0034] E. coli 01571117 
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[0035] Hemolytic uremic syndrome/thrombolytic throm 
bocytopenic purpura 

[0036] Malaria 

[0037] Dengue hemorrhagic fever 

[0038] Leishmaniasis 

[0039] Leprosy 

[0040] Toxic shock syndrome 

[0041] Streptococcal myositis 

[0042] Gas gangrene 

[0043] Mycobaclerium tuberculosis 

[0044] Mycobaclerium aviun inlracellulare 

[0045] Pneumocyslis carinii pneumonia 

[0046] Pelvic in?ammatory disease 

[0047] Orchitis/epidydimitis 

[0048] Legionella 

[0049] Lyme disease 

[0050] In?uenZa A 

[0051] Epstein-Barr Virus 

[0052] 
[0053] 

Viral associated hemiaphagocytic syndrome 

Viral encephalitis/aseptic meningitis 

Obstetrics/Gynecology, including: 

[0054] Premature labor 

[0055] Miscarriage 

[0056] Infertility 
In?ammatory Disease/Autoimmunity, Which includes: 

[0057] Rheumatoid arthritis/seronegative arthropathies 

[0058] Osteoarthritis 

[0059] In?ammatory boWel disease 

[0060] Systemic lupus erythematosis 

[0061] Iridoeyelitis/uveitistoptic neuritis 

[0062] Idiopathic pulmonary ?brosis 

[0063] Systemic vasculitis/Wegener’s gramilomatosis 

[0064] Sarcoidosis 

[0065] Orchitis/vasectomy reversal procedures 

Allergic/Atopic Diseases, Which includes: 

[0066] Asthma 

[0067] Allergic rhinitis 

[0068] Eczema 

[0069] Allergic contact dermatitis 

[0070] Allergic conjunctivitis 

[0071] Hypersensitivity pneumonitis 
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Malignancy, Which includes: 

[0072] ALL 

[0073] AML 

[0074] CML 

[0075] CLL 

[0076] Hodgkin’s disease, non-Hodgkin’s lymphoma 
[0077] Kaposi’s sarcoma 

[0078] Colorectal carcinoma 

[0079] Nasopharyngeal carcinoma 

[0080] Malignant histiocytosis 
[0081] Paraneoplastic syndrome/hypercalcemia of 

malignancy 
Transplants, including: 

[0082] Organ transplant rejection 
[0083] Graft-verus-host disease 

[0084] Cachexia 

Congenital, Which includes: 

[0085] Cystic ?brosis 

[0086] Familial hematophagocytic lymphohistiocytosis 

[0087] Sickle cell anemia 

Dermatologic, Which includes: 

[0088] Psoriasis 

[0089] Alopecia 
Neurologic, Which includes: 

[0090] Multiple sclerosis 

[0091] Migraine headache 

Renal, Which includes: 

[0092] Nephrotic syndrome 

[0093] Hemodialysis 
[0094] Uremia 

Toxicity, Which includes: 

[0095] OKT3 therapy 

[0096] Anti-CD3 therapy 

[0097] Cytokine therapy 
[0098] Chemotherapy 
[0099] Radiation therapy 

[0100] Chronic salicylate intoxication 

Metabolic/Idiopathic, Which includes: 

[0101] Wilson’s disease 

[0102] Hemachromatosis 

[0103] Alpha-l antitrypsin de?ciency 

[0104] Diabetes 

[0105] Hashimoto’s thyroditis 
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[0106] 

[0107] 

[0108] 

Osteoporosis 

Hypothalamic-pituitary-adrenal axis evaluation 

Primary biliary cirrhosis 

SUMMARY OF THE INVENTION 

[0109] The present invention provides a pharmaceutical 
composition for treating conditions (diseases) mediated by 
the in?ammatory cytokine cascade, comprising an effective 
amount of an antagonist or inhibitor of HMGl. Preferably, 
the HMGl antagonist is selected from the group consisting 
of antibodies that bind to an HMGl protein, HMGl gene 
antisense sequences and HMGl receptor antagonists. The 
present invention provides a method for treating a condition 
mediated by the in?ammatory cytokine cascade, comprising 
administering an effective amount of an HMGl antagonists. 
In another embodiment, the inventive method further com 
prises administering a second agent in combination With the 
HMGl antagonist, Wherein the second agent is an antagonist 
of an early sepsis mediator, such as TNF, IL-lot, IL-1 [3, MIF 
or IL-6. Most preferably, the second agent is an antibody to 
TNF or an IL-1 receptor antagonist (IL-lra). 

[0110] The present invention further provides a diagnostic 
and prognostic method for monitoring the severity and 
predicting the likely clinical course of sepsis and related 
conditions for a patient exhibiting shock-like symptoms or at 
risk to exhibit symptoms associated With conditions medi 
ated by the in?ammatory cascade. The inventive diagnostic 
and prognostic method comprises measuring the concentra 
tion of HMGl in a sample, preferably a serum sample, and 
comparing that concentration to a standard for HMGl 
representative of a normal concentration range of HMGl in 
a like sample, Whereby higher levels of HMGl are indicative 
of poor prognosis or the likelihood of toxic reactions. The 
diagnostic method may also be applied to other tissue or 
?uid compartments such as cerebrospinal ?uid or urine. 
Lastly, the present invention provides a pharmaceutical 
composition and method for effecting Weight loss or treating 
obesity, comprising administering an effective amount of 
HMGl or a therapeutically active fragment thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0111] FIG. 1 shoWs tWo graphs that pro?le the induction 
of HMGl release by LPS in vitro (FIG. 1A) and in vivo 
(FIG. 1B). Speci?cally, FIG. 1A shoWs the accumulation of 
HMGl in culture supernatants of macrophage RAW 264.7 
cells after stimulation With LPS (100 ng/ml). The inset is a 
Western blot (using antibodies raised against recombinant 
HMGl) shoWing induction of HMGl release from RAW 
264.7 cells after induction With FNF. FIG. 1B shoWs accu 
mulation of HMGl in serum of LPS-treated mice. Serum 
from Balb/C mice Was collected at various time points after 
LPS administration, and assayed for HMGl by Western 
blotting using antibodies raised against recombinant HMGl. 

[0112] FIG. 2 illustrates that HMGl is a mediator of 
pathogenesis and lethality in endotoxemia. FIG. 2A shoWs 
the protective effect of anti-HMGl antibodies against LPS 
lethality, tested in mice. Administration of anti-HMGl anti 
serum in the indicated amounts at —0.5 (if one dose), —0.5 
and 12 (if tWo doses), or —0.5, 12 and 36 (if three doses) 
hours relative to LPS challenge (at time 0) Was protective 
against LPS-induced lethality, and repeated dosing sched 
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ules provided better protection. FIG. 2B illustrates the 
rHMG1 caused dose-dependent lethality in endotoxic mice. 
Male Balb/C mice (20-23 grams) Were randomized in 
groups of ten to receive LPS (3.15 mg/kg; a non-lethal dose) 
alone or in combination With puri?ed recombinant HMG1 
protein. Administration of HMG1 at the indicated doses 2, 
16, 28 and 40 hours after LPS challenge signi?cantly 
increased the lethality of the underlying endotoxemia. FIG. 
2C illustrates independent lethal toxicity of HMG1 as a 
function of dose. Puri?ed rHMG1 Was administered to male 
Balb/C mice (?ve mice per treatment group) as a single i.p. 
bolus at the indicated dosage. Mice Were observed for at 
least 48 hours, and 60% of mice treated With rHMG1 at a 
dose of 500 ug/mouse died Within 24 hours of rHMG1 
challenge, indicating a single dose LD5O of less than 500 
ug/mouse. 

[0113] FIG. 3 shoWs that HMG1 induced TNF release 
both in vitro (FIG. 3A) and in vivo (FIG. 3B). Speci?cally, 
FIG. 3A shoWs that HMG1 induces TNF release from 
huPPBMCs in dose-dependent fashion. Freshly isolated 
huPBMC cultures Were stimulated With puri?ed recombi 
nant HMG1 protein at the indicated doses, and culture media 
Were sampled four hours later to be assayed for TNF 
according to knoWn immunologic methods (ELISA). FIG. 
3A shoWs the mean:S.E.M. of the induced TNF response in 
tWo experiments (in triplicate). FIG. 3B shoWs that admin 
istration of HMG1 induced accumulation of TNF in serum 
of treated mice. Balb/C mice (20-23 g) Were treated intra 
peritoneally With puri?ed recombinant HMG1 at the indi 
cated doses and blood samples Were taken tWo hours later 
for assay of TNF by an L929 bioassay and (TNF levels 
expressed as mean:S.E.M., N=3). 

[0114] FIG. 4 shoWs that HMG1 caused body Weight loss 
in mice. Puri?ed HMG1 Was administered intraperitoneally 
to mice at 100 ug/mouse/day for three days, and body Weight 
Was monitored. FIG. 4 shoWs the mean:S.E.M. of net body 
Weight change of three mice per group. 

[0115] FIG. 5 shoWs the tissue distribution of HMG1 
mRNA. Human RNA master blots containing poly(A)+ 
RNA of various tissues (Clontech, Palo Alto, Calif., USA) 
Were hybridized With a 0.6 kb digoxigenin-11-dUTP-labeled 
HMG1 cDNA probe synthesized by PCR using recombinant 
plasmid containing the HMG1 cDNA insert, all in accor 
dance With methods Well-knoWn in the art. Brie?y, hybrid 
ization Was performed in a hybridization buffer (5>< SSC/2% 
blocking reagent/0.1% SDS/50% formamide, Boehringer 
Mannheim, Indianapolis, Ind.) With a probe concentration of 
10 ng/ml for 16 hours at 650 C. After hybridization, the ?lter 
Was subjected to tWo Washes of 05x SSC/0.1% SDS for 5 
minutes, and tWo Washes of 02x SSC/0.1% SDS for 10 
minutes at room temperature. Signal Was detected using 
anti-digoxigenin antibodies conjugated to phosphotase and 
detection reagents 4-nitrobluetrazolium chloride (N BT) and 
5-cromo-4-chloro-3-indolyl-phosphate (BCIP) (Boehringer 
Mannheim) according to standard methods. The blots Were 
scanned With a silver image scanner (Silverscanner II, Lacie 
Limited, Beaverton, Oreg.), and relative optical density (in 
arbitrary units, AU) Was quanti?ed using NIH 1.59 image 
softWare. Note that highest levels Were observed in mac 
rophage-rich tissues. 

[0116] FIG. 6 shoWs, in comparison to a group of normal 
control subjects, increased human serum HMG1 levels as 
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detected in hospitalized human subjects With sepsis, Wherein 
the septic patients have been further categorized as to 
Whether the patient died or survived. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0117] The present invention is based upon the discovery 
and isolation of a highly inducible 30 kDa protein that is 
released by, and accumulates in media conditioned by, 
cultured murine macrophage-like cells (RAW 264.7) fol 
loWing stimulation With LPS, TNF, or IL-1. A partial amino 
acid sequence of this isolated polypeptide Was identical to 
the sequence of the HMG1 protein, also knoWn as ampho 
terin, a protein not before linked to the pathogenesis of any 
disease. This information Was used to clone a cDNA encod 
ing HMG1, Which sequence Was expressed to provide 
recombinant protein, Which protein Was used to generate 
speci?c anti-HMG1 antibodies. 

[0118] Therapeutic and diagnostic e?icacy Was deter 
mined in a series of predictive in vitro and in vivo experi 
ments. The experiments are detailed in the Examples sec 
tion. For example, folloWing administration of endotoxin 
(LDIOO) to mice, serum HMG1 levels increased later (at 16 
h) than Well-knoWn “early” mediators of sepsis (such as 
TNF and IL-1) and plateau levels of HMG1 Were maintained 
for 16 to 32 hours. Patients With lethal sepsis had high serum 
HMG1 levels, Which Were not detected in normal healthy 
volunteers. Moreover, acute experimental administration of 
rHMG1 to test animals, Whether alone or in combination 
With sub-lethal amounts of LPS, caused marked pathological 
responses and even death. More distributed dosing sched 
ules of loWer amounts of rHMG1 led to signi?cant Weight 
loss in treated animals. These results give evidence for 
HMG1 is a mediator of endotoxemia and particularly a late 
mediator, as opposed to knoWn “early” mediators such as 
TNF and IL-1. These data further shoW the importance of 
serum HMG1 as a marker for the severity or potential 
lethality of sepsis and related conditions. 

[0119] In addition, treatment With anti-HMG1 antibodies 
provided full protection from LDloo doses of LIP in mice. 
HMG1 is inducible by TNF and IL-1[3, and dose-depen 
dently stimulates TNF release from huPBMCs. TNF is a 
marker of macrophage activation, so it is likely (Without 
limitations as to implied mechanisms or being bound by 
theory) that HMG1 promotes doWnstream re-activation of 
cytokine cascades Which, in turn, mediates late pathogenesis 
and lethality in sepsis and related conditions involving 
activation of pro-in?ammatory cytokine responses. Thus, 
HMG1 likely occupies a central role in mediating the 
in?ammatory response to infection and injury, and antago 
nists of HMG1 Will be of therapeutic bene?t in sepsis and 
related conditions of in?ammatory cascade activation. The 
appearance of HMG1 in the in?ammatory cytokine cascade 
is suitable to propagate later phases of the host response and 
contributed to toxicity and lethality. The predictive data 
provided herein support the therapeutic e?icacy of HMG1 
antagonists and provide evidence in support of the afore 
mentioned theory regarding mechanism of action. The in 
vivo treatment data shoWed the e?icacy of HMG1 antago 
nists in general, and anti-HMG1 antibodies in particular, for 
treating conditions mediated by the in?ammatory cytokine 
cascade in general and particularly sepsis conditions, includ 
ing, for example, septic shock, sepsis syndrome or other 
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“sepsis-like” conditions mediated by in?ammatory cytok 
ines. Further, the independent pathogenicity and toxicity/ 
lethality of HMGl antagonists are particularly effective 
When co-administered With antagonists of “early” in?am 
matory mediators such as TNF, MIP, lL-l and IL-6. 

[0120] In summary, HMGl is a cytokine mediator of 
in?ammatory reactions because: 1) HMGl is released from 
macrophages and pituicytes folloWing stimulation With bac 
terial toxins or With pro-in?ammatory cytokines (TNF or 
lL-l [3); 2) HMGl accumulates in serum of animals exposed 
to LPS and in patients With sepsis; and 3) HMGl-speci?c 
antibodies protect against mortality in a predictive lethal 
endotoxemia animal model of clinical sepsis and related 
conditions. 

Pharmaceutical Composition and Method of Administration 

[0121] The inventive pharmaceutical composition or 
inventive pharmaceutical combination can be administered 
to a patient either by itself (complex or combination) or in 
pharmaceutical compositions Where it is mixed With suitable 
carriers and excipients. The inventive pharmaceutical com 
position or inventive pharmaceutical combination can be 
administered parenterally, such as by intravenous injection 
or infusion, intraperitoneal injection, subcutaneous injec 
tion, or intramuscular injection. The inventive pharmaceu 
tical composition or inventive pharmaceutical combination 
can be administered orally or rectally through appropriate 
formulation With carriers and excipients to form tablets, 
pills, capsules, liquids, gels, syrups, slurries, suspensions 
and the like. The inventive pharmaceutical composition or 
inventive pharmaceutical combination can be administered 
topically, such as by skin patch, to achieve consistent 
systemic levels of active agent. The inventive pharmaceu 
tical composition or inventive pharmaceutical combination 
can be formulated into topical creams, skin or mucosal 
patches, liquids or gels suitable for topical application to 
skin or mucosal membrane surfaces. The inventive pharma 
ceutical composition or inventive pharmaceutical combina 
tion can be administered by inhaler to the respiratory tract 
for local or systemic treatment. 

[0122] The dosage of the inventive pharmaceutical com 
position or inventive pharmaceutical combination of the 
present invention can be determined by those skilled in the 
art from this disclosure. The pharmaceutical composition or 
inventive pharmaceutical combination Will contain an effec 
tive dosage (depending upon the route of administration and 
pharmacokinetics of the active agent) of the inventive phar 
maceutical composition or inventive pharmaceutical com 
bination and suitable pharmaceutical carriers and excipients, 
Which are suitable for the particular route of administration 
of the formulation (i.e., oral, parenteral, topical or by inha 
lation). The active agent is mixed into the pharmaceutical 
formulation by means of mixing, dissolving, granulating, 
dragee-making, emulsifying, encapsulating, entrapping or 
lyophiliZing processes. The pharmaceutical formulations for 
parenteral administration include aqueous solutions of the 
active agent or combination in Water-soluble form. Addi 
tionally, suspensions of the active agent may be prepared as 
oily injection suspensions. Suitable lipophilic solvents or 
vehicles include fatty oils such as sesame oil, or synthetic 
fatty acid esters, such as ethyl oleate or triglycerides, or 
liposomes. Aqueous injection suspensions may contain sub 
stances Which increase the viscosity of the suspension, such 
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as sodium carboxymethyl cellulose, sorbitol, or dextran. The 
suspension may optionally contain stabiliZers or agents to 
increase the solubility of the active agent or combination to 
alloW for more concentrated solutions. 

[0123] Pharmaceutical formulations for oral administra 
tion can be obtained by combining the active agent With 
solid excipients, such as sugars (e.g., lactose, sucrose, man 
nitol or sorbitol), cellulose preparations (e.g., starch, methyl 
cellulose, hydroxypropylmethyl cellulose, and sodium car 
boxymethyl cellulose), gelaten, gums, or polyvinylpyrroli 
done. In addition, a disintegrating agent may be added, and 
a stabiliZer may be added. 

Antisense Oligomers 

[0124] The present invention provides antisense oligomers 
having a sequence effective to inhibit or block the expression 
of the HMGl gene or mRNA sequence. Antisense technol 
ogy, Which uses speci?c-oligonucleotides to inhibit expres 
sion of target gene products, is developing as a therapeutic 
modality for human disease. Several selection criteria are 
available to contribute to the optimization of antisense 
oligonucleotide antagonists. For example, it is advisable to 
choose sequences With 50% or more GC content. Preferred 
sequences span the AUG initiation codon of the target 
protein, but sites in the coding region and 5' UTR may 
perform equally Well. Such sequences are generally about 
18-30 nucleotides long and chosen to overlap the ATG 
initiation codon from the HMGl cDNA sequence to inhibit 
protein expression. Longer oligomers are often found to 
inhibit the target to a greater extent, indicating that a 
preferred length is about 25 mer for the ?rst oligonucleotides 
chosen as antisense reagent. Typically, three oligonucleotide 
sequences are chosen With regard to the criteria, and com 
pared for antagonist activity to control oligonucleotide 
sequences, such as “reverse” oligonucleotides or those in 
Which about every fourth base of the antisense sequence is 
randomized. Therefore, a preferred sequence for making 
antisense oligomer sequences to HMGl is a 25 mer 
sequence chosen to overlap the ATG initiation codon (under 
lined) from the HMGl cDNA sequence: 

[SEQ ID NO. 5] 
GAGGAAAAATAACTAAACATGGGCAAAGGAGATCCTAAGAAG 

and such preferred antisense sequences are used to construct 
antisense oligonucleotide agents (and suitable controls) for 
an in vitro comparison as antagonists of HMGl. These in 
vitro data are predictive of human clinical utility using 
antisense agents of comparable design. 

HMGl -Directed Antibodies 

[0125] The antibodies disclosed herein may be polyclonal 
or monoclonal; may be from any of a number of human, 
non-human eukaryotic, cellular, fungal or bacterial sources; 
may be encoded by genomic or vector-borne coding 
sequences; and may be elicited against native or recombi 
nant HMGl or fragments thereof With or Without the use of 
adjuvants, all according to a variety of methods and proce 
dures Well-knoWn in the art for generating and producing 
antibodies. Generally, neutraliZing antibodies against 
HMGl (i.e., those that inhibit biological activities of HMGl 
particularly With regard to its pro-in?ammatory cytokine 
like role) are preferred for therapeutic applications While 
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non-neutralizing antibodies may be as suitable for diagnostic 
applications. Examples of such useful antibodies include but 
are not limited to polyclonal, monoclonal, chimeric, single 
chain, and various human or humaniZed types of antibodies, 
as Well as various fragments thereof, such as Fab fragments 
and fragments produced from specialiZed expression sys 
tems. 

Diagnostic Assay 

[0126] The diagnostic assay provided here uses anti 
HMG1 antibodies that can be either polycolonal or mono 
clonal or both. The diagnostic procedure can utiliZe standard 
antibody-based techniques for measuring concentrations of 
the gene product of HMG1 genes in a biological ?uid. 
Preferred standard diagnostic procedures are ELISA assays 
and Western techniques. 

EXAMPLE 1 

Identi?cation of HMG1 as a “Late” Mediator of 
Endotoxemia 

[0127] This example provides the results of an experiment 
to identify and isolate later released macrophage-derived 
factors that play a role in sepsis and in related conditions 
typi?ed by in?ammatory cytokine activity. The experiment 
reported in this example examined murine macrophage 
RAW 264.7 cell-conditioned media after stimulation of the 
cultures With TNF. Murine macrophage RAW 264.7 cells 
Were obtained from American Type Culture Collections 
(ATCC, Rockville, Md., USA), and proliferated in culture 
under DMEM supplemented With 10% fetal bovine serum 
and 1% glutamine. When con?uency reached 70-80%, the 
medium Was replaced by serum-free OPTI-MEM I medium 
and cultures Were stimulated With pro-in?ammatory cytok 
ines (e.g., TNFO. or IL-1) or bacterial endotoxin (LPS). 

[0128] The proteins released from the above stimulated 
macrophage cultures Were surveyed. Speci?cally, at differ 
ent time points, cells and cell-conditioned media Were 
separately collected by centrifugation (3000 rpm, 10 min 
utes). Proteins in the conditioned mediam Were concentrated 
by ultra?ltration over Amicon membranes With Mr cuttolf of 
10 kDa (Amicon Inc., Beverly, Mass., USA), subsequently 
fractionated by SDS-PAGE, and stained With Coomassie 
blue (1.25% Coomassie Blue R250 in 30% methanol/10% 
acetic acid). After destaining With 30% methanol/7% acetic 
acid, protein(s) of interest (i.e., those that preferentially 
accumulated in conditioned media of stimulated cultures) 
Was isolated by excision from the SDS-PAGE gel, and 
subjected to N-terminal sequencing analysis (Common 
Wealth Biotechnologies, Inc., Richmond, Va., USA). 

[0129] Comparison of SDS-PAGE gel analysis of pro?les 
of proteins accumulated in control (Without TNFO. stimula 
tion) versus TNF-stimulated RAW 264.7 cells revealed a 
strongly inducible 30 kDa protein Whose concentration in 
the cell-conditioned medium Was signi?cantly increased 
after stimulation for 16 hours. Amino acid sequence analysis 
of this isolated protein revealed its N-terminal sequences as 
Gly-Lys-Gly-Asp-Pro-Lys-Lys-Pro-Arg-Gly-Lys-Met-Ser 
Ser [SEQ ID NO. 1]. A revieW of relevant gene databases 
found a 100% identity to the N-terminal amino acid 
sequence of HMG1. 

[0130] These data identi?ed HMG1 as a “late-appearing” 
product of LPS-stimulated macrophage cultures, and there 
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fore as a candidate pro-in?ammatory mediator. This activity 
Was con?rmed by administration of recombinantly produced 
HMG1 and/or of anti-HMG1 antibodies in cellular and 
animal model systems that are predictive of human clinical 
conditions. 

EXAMPLE 2 

Cellular Sources of HMG1 

[0131] This example shoWs Which cell sources are capable 
of releasing HMG1 in response to TNF, IL-1 and/or LPS. 
Cells studied include GH3 pituicytes, murine macrophage 
RAW 264.7 cells, human primary peripheral blood mono 
nuclear cells (huPBMCs), human primary T cells, rat adrenal 
PC-12 cells, and rat primary kidney cells (Table 1). The rat 
pituitary GH3 cell line Was obtained from American Type 
Culture Collection (ATCC, Rockville, Md., USA), and cul 
tured in DEME supplemented With 10% fetal bovine serum 
and 1% glutamine. Human PBMCs and T cells Were freshly 
isolated from Whole blood of healthy donors and cultured in 
RPMI 1640 supplemented With 10% human serum as pre 
viously described (Zhang et al., J. Exp. Med. 185:1759 
1768, 1997). When con?uency reached 70-80%, the 
medium Was replaced by serum-free OPTI-MEM I medium 
and cultures stimulated With proin?ammatory cytokines 
(e.g., TNFO. or IL-1) or bacterial endotoxin (LPS). 

[0132] Although human T cell, rat adrenal (PC-12) cells, 
and rat primary kidney cells contained cell-associated 
HMG1 as demonstrated by Western blotting analysis of 
Whole cell lysates using HMG1-speci?c antibodies (see 
example 4 beloW), HMG1 did not signi?cantly accumulate 
in the medium of these cultures after stimulation With either 
TNF, IL-1[3, or LPS (Table 1). 

TABLE 1 

Induced release of HMG1 from various types of cells. 

Stimulus 

Cell Type TNF IL-1[5 LPS 

Murine RAW 264.7 cells Yes Yes Yes 
Human PBMCs Yes Yes Yes 
Human primary T cells No No No 
Rat adrenal PC-12 cells No No No 
Rat pituitary GH3 cells Yes Yes No 
Rat primary kidney cells No No No 

Note: 
PBMCs, peripheral blood mononuclear cells. 

TNF, IL-1[3 (minimal effective concentration=5 ng/ml for 
each) and bacterial endotoxin (LPS, minimal effective con 
centration=10 ng/ml) induced the release of HMG1 from 
human PBMCs in a time- and dose-dependent manner 
(Table 1). IFN-y alone (0-200 U/ml) did not induce HMG1 
release from any of the above cells, but When added in 
combination either With TNF or IL-1[3, IFN-y dose-depen 
dently enhanced HMG1 release from macrophages, With a 
maximal 3-fold enhancement by IFN-y at a concentration of 
100 U/ml. The release of HMG1 Was not due to cell death, 
because cell viability Was unaffected by TNF, IL-1[3, or LPS, 
as judged by trypan blue exclusion (90-92:5% viable for 
control vs. 88-95:4% in the presence of 100 ng/ml TNF, 
IL-1[3 or LPS). The amount of HMG1 released by pituicytes 
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and macrophages inversely correlated With the intracellular 
concentration of HMGl, as determined by Western blotting 
analysis, indicating that the released material is, in part, 
derived from pre-formed cell-associated HMGl protein. 

[0133] Potential sources of circulating HMGl in vivo 
Were assessed by hybridization of an HMGl-speci?c probe 
to mRNA prepared from various normal human tissues (blot 
substrate available from commercial sources), With the 
results summarized in FIG. 5. Several macrophage-rich 
tissues (lung, liver, kidney, pancreas and spleen) exhibited 
the most abundant HMGl mRNA expression; less Was 
ob served in pituitary, bone marroW, thymus, lymph node and 
adrenal gland. In addition to providing information as to the 
relative tissue distribution of HMGl expression, this study 
shoWs the practicality and utility of assaying for HMG1 
speci?c nucleic acid sequences in tissue samples. 

EXAMPLE 3 

Recombinant HMGl Administration, in vitro and in 
vivo 

[0134] This example details procedures to produce HMGl 
by Well-knoWn recombinant DNA technologies. The HMGl 
open reading frame Was ampli?ed by PCR and subcloned 
into an expression vector (pCAL-n). Brie?y, the 648-bp 
open reading frame of HMGl cDNA Was PCR ampli?ed 
(94° C. 1', 56° C. 2', 72° C. 45", 30 cycles) from 5 ng Rat 
Brain Quick-Clone cDNA (Catalog #7150-1, Clontech, Palo 
Alto, Calif., USA) using primers containing the folloWing 
sequences, 5'-CCC GCG GAT CCA TCG AGG GAA GGA 
TGG GCA AAG GAG ATC CTA-3'[SEQ ID NO. 2], and 
5'-CCC GCA AGCTTA TTC ATC ATC ATC ATC TTCT-3' 
[SEQ ID NO. 3]. The 680 bp PCR product (4 pg) Was 
digested With Bam HI and Hind III, and cloned into the Barn 
HI/Hind III cloning sites of the pCAL-n vector (Stratagene, 
La Jolla, Calif., USA). The recombinant plasmid Was trans 
formed into E. coli BL21(DE3)pLysS (Novagen, Madison, 
Wis., USA), and positive clones Were screened and con 
?rmed by DNA sequencing on both strands using a Tag 
DyeDeoxy terminator cycles sequencing kit on the ABI 
373A automated ?uorescent sequencer (Applied Biosys 
tems, Foster City, Calif., USA). 

[0135] To express recombinant HMGl, positive clones 
Were cultured at 37° C. With vigorous shaking (250 rpm) 
until OD600 reached 0.6, When IPTG (1 mM) Was added. 
TWelve hours after IPTG induction, bacterial cells Were 
harvested by centrifugation (6500 rpm, 15 minutes), and 
lysed by freeze-thaW cycles. The Water-soluble fraction Was 
collected after centrifugation (30 minutes, 12,000 rpm), and 
recombinant HMGl Was puri?ed on a calmodulin-binding 
resin column as instructed by the manufacturer (Stratagene). 
Bacterial endotoxin Was removed from the recombinant 
HMGl by using Detoxi-Gel endotoxin-removing gel 
(Pierce, Rockford, Ill. USA, Cat. #20344), and residual LPS 
content Was determined by the Limulus Amebocyte Lysate 
Test (LAL test, Cat. #50-648U, QCL-1000 Chromogenic 
LAL, Bio-Whittaker, Inc., Walkersville, Md., USA). Puri 
?ed recombinant HMGl Was added to cultures of human 
peripheral blood mononuclear cells (HuPBMCs), and super 
natants assayed for TNF by ELISA four hours after stimu 
lation. The LPS-neutralizing agent polymyxin B (10 ug/ml) 
Was added concurrently With recombinant HMGl to elimi 
nate the effect of any contaminating LPS on TNF release. 
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Additionally, recombinantly derived HMGl Was adminis 
tered to rest animals, With or Without the additional endot 
oxemic challenge of exogenous LPS, to study the patho 
genic potential of high levels of HMGl in vivo (see FIGS. 
2B and 2C). In some experiments, serum samples Were 
secured from HMGl -treated animals to be assayed for TNF 
as detailed herein (see FIG. 1B). 

[0136] The above procedure provides recombinant HMGl 
as a fusion peptide comprising a 3.0 kDa calmodulin 
binding domain and a thrombin cleavage site as an amino 
terminal extension in register With the HMGl peptide 
sequence. In some experiments, the fusion tag Was removed 
from an aliquot of the recombinant protein and the bioac 
tivity of the full fusion protein Was compared to the cleaved 
HMGl peptide; no signi?cant difference in bioactivity Was 
noted and additional experiments (especially those requiring 
administration of recombinantly produced HMGl to ani 
mals) typically Were conducted With the (uncleaved) fusion 
protein. 

[0137] As demonstrated in FIGS. 3A and 3B, in vitro or 
in vivo administration of recombinantly derived HMGl 
induced a brisk TNF response, con?rming the identi?cation 
of HMGl as a late-appearing LPS-induced macrophage 
derived endogenous mediator With pro-in?ammatory activ 
ity. 

EXAMPLE 4 

Ant-HMGl Antibodies and Immunodetection 

[0138] This example provides the results of experiments to 
generate and use polyclonal antibodies against HMG1. 
Brie?y, polyclonal antibodies against an oligopeptide cor 
responding to the N-terminal amino acid sequence of 
HMGl, or against puri?ed recombinant HMGl, Were gen 
erated in rabbits according to standard procedures Well 
knoWn in the art. Brie?y, eight copies of an oligopeptide 
With the sequence GKGDPKKPRGKMSSC [SEQ ID NO. 
4] Were anchored to radially branching lysine dendrites 
(small immunogenically inert core). These large macromol 
ecules Were injected three times both subcutaneously and 
intradermally (0.5-1.0 mg per injection) into rabbits at 1, 2, 
and 4 after pre-bleed at Day 0. TWo Weeks after the last 
immunization, rabbits Were bled and boosted intramuscu 
larly With 1.0 mg of antigen folloWed by a second bleeding 
tWo Weeks later. Alternatively, to produce polyclonal anti 
bodies against recombinant HMGl, rabbits Were immunized 
With recombinant HMGl fusion peptide (100 pg per injec 
tion) folloWing a similar protocol. Monoclonal antibodies 
reactive against HMGl (i.e., that bind, and in some cases, 
neutralize or antagonize the biological activity of HMGl) 
are conveniently prepared according to methods Well knoWn 
in the art using the HMGl antigens described herein or other 
HMGl peptide fragments as immunogens. Such monoclonal 
antibodies, and/or the hybridomas that produce them, are 
useful to produce various “humanized” antibodies reactive 
against HMGl (all according to methods knoWn in the art), 
Which humanized antibodies are useful as taught herein. 

[0139] HMGl -speci?c antibodies Were used to measure 
by Western blotting analysis the inducible release of HMGl 
from RAW 264.7 cells after treatment With TNF or LPS 
(FIG. 1). Brie?y, proteins Were fractionated by SDS-PAGE 
on a 4-20% gradient gel transferred to a PVDF membrane, 
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and blotted With rabbit antiserum raised against either the 
N-terminal synthetic HMG1 antigen or against recombinant 
HMG1. The signal Was detected using a ECL kit as 
instructed by the manufacturer (Amersham Life Science 
Inc., Arlington Heights, 111., USA), and levels of HMG1 
Were determined by measuring optical intensity of bands on 
Western blots digitiZed for analysis using NIH 1.59 image 
softWare, With reference to a standard curve of puri?ed 
recombinant HMG1. 

[0140] No HMG1 protein Was detected in RAW 264.7 
cells-conditioned medium in the absence of TNF or LPS 
treatment, but HMG1 accumulated in conditioned medium 
to high levels after such stimulation, reaching a plateau at 
8-28 hours after stimulation (FIG. 1A). In summary, the data 
presented in Examples 1, 3 and in FIG. 1A shoW that the 
release of HMG1 from macrophages in stimulus-speci?c 
and time- and dose-dependent, With maximal accumulation 
observed Within 8 hours after stimulation With TNF at 
concentrations as loW as 5 ng/ml. It is Well appreciated that 
sepsis, septic shock and related conditions may occur in 
humans in response to stimuli that differ qualitatively or 
quantitatively from the single large, lethal LPS bolus used in 
this predictive model. Nevertheless, experimental endotox 
emia has been a valuable and predictive model system by 
Which to identify critical components of the in?ammatory 
cytokine cascade and by Which to identify speci?c antago 
nists With predicted clinical utility. In this regard, HMG1 
antagonists are perhaps more therapeutically attractive than 
TNF antagonists in vieW of the later appearance of HMG1 
versus TNF in the response to endotoxin. 

EXAMPLE 5 

Detection of HMG1 in in vivo Animal Models 

[0141] This example illustrates an in vivo experiment in 
rodents measuring serum HMG1 levels after administration 
of a sublethal dose of LPS (LDSO). Mice or rats Were treated 
With LPS, and sera Were collected at different time points, 
and assayed for levels of HMG1 by Western blotting analy 
sis. The serum concentrations of HMG1 Were estimated by 
measuring the optical band intensity With reference to a 
standard curve of puri?ed HMG1. Serum levels increased 
signi?cantly by 16 hours after LPS, and remained high for 
at least 32 hours (FIG. 1B), and Were not detectable in 
vehicle-treated control animals. These data shoW that 
HMG1 represents a particularly attractive target for diagno 
sis of, and pharmaceutical intervention against, sepsis and 
related disorders of cytokine toxicity because HMG1 is a 
late-appearing mediator in the in?ammatory cytokine cas 
cade. 

EXAMPLE 6 

Bene?ts of Protection Against HMG1 

[0142] This example provides the results of a predictive in 
vivo assay to measure therapeutic activity of antagonists of 
HMG1 in relation to treatment of sepsis and related condi 
tions of cytokine-mediated toxicity. In this example, the 
HMG1 antagonist Was an anti-HMG1 antibody preparation. 
Controls treated With pre-immune serum developed leth 
argy, piloerection, diarrhea, and succumbed to death Within 
48 hours. These clinical signs of endotoxemia Were signi? 
cantly prevented by administration of anti-HMG1 antibod 
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ies. Male Balb/C mice (6-7 Weeks, 20-23 grams Were 
randomly grouped (10 animals per group) and pre-treated 
either With control (pre-immune) or anti-HMG1 serum (as 
made in Example 4) 30 minutes before administration 
(intraperitoneally) of a lethal dose of LPS (50 mg/kg in 
1><PBS). Other experimental groups received additional 
doses of anti-HMG1 serum at +12 or +12, and +36 hours 
after LPS administration. Animals Were observed for 
appearance and survival for at least tWo Weeks. 

[0143] Polyclonal antibodies against recombinant HMG1 
Were generated in rabbits, and antiserum Was assayed for 
speci?city and titer by ELISA and Western blotting proce 
dures. The polyclonal antiserum immunospeci?cally recog 
niZed (bound to) recombinant HMG1 in Western blot analy 
sis, for instance, and discriminated rHMGl from other 
proteins in both crude bacterial lysates and as a puri?ed 
protein that had been diluted into mouse serum. Using 
chemiluminescence-ampli?ed detection methods in Western 
blotting analysis, polyclonal anti-HMG1 antiserum at dilu 
tions up to 111000 Was useful to detect as little as 50 pg 
rHMGl protein. Administration of anti-HMG1 antiserum in 
the indicated (FIG. 2A) amounts at —0.5 (if one dose), —0.5 
and 12 (if tWo doses), or —0.5, 12 and 36 (if three doses) 
hours relative to LPS challenge (at time 0) Was protective 
against LPS-induced lethality, and repeated dosing sched 
ules provided better protection. 

[0144] FIG. 2B illustrates that rHMGl causes dose-de 
pendent lethality in endotoxic mice. Male Balb/C mice 
(20-23 grams) Were randomiZed in groups of ten to receive 
LPS (3.15 mg/kg; a non-lethal dose) alone or in combination 
With puri?ed recombinant HMG1 protein. Administration of 
HMG1 at the indicated doses 2, 16, 28 and 40 hours after 
LPS challenge signi?cantly increased the lethality of the 
underlying endotoxemia. 

[0145] FIG. 2C illustrates the independent lethal toxicity 
of HMG1 as a function of dose. Puri?ed rHMGl Was 
administered to male Balb/C mice (?ve mice per treatment 
group) as a single i.p. bolus at the indicated dosage. Mice 
Were observed for at least 48 hours, and 60% of mice treated 
With rHMGl at a dose of 500 ug/mouse died Within 24 hours 
of rHMGl challenge, indicating a single dose LD5O of less 
than 500 ug/mouse. 

[0146] The protection conferred by anti-HMG1 antibodies 
Was speci?c, because administration of pre-immune serum, 
Which shoWed no immunospeci?c reactivity to HMG1 on 
Western blots, did not spare subjects from LPS-mediated 
mortality (FIG. 2A). Moreover, HMG1 -speci?c antibodies 
did not cross-react With other macrophage-derived cytokines 
(e.g. IL-1 and TNF), eliminating the possibility that anti 
bodies conferred protection by binding and thereby neutral 
iZing these mediators. Protection against sepsis, sepsis asso 
ciated pathogenesis and sepsis-related diseases involving 
activation of pro-in?ammatory cytokine cascades may be 
improved by combination therapy targeted against more 
than one component of the cytokine cascade. Antagonists of 
HMG1 in this regard can be combined With speci?c antago 
nists of TNF, 1L-1, MIF and other in?ammatory mediators, 
or With more broadly active antagonists of in?ammatory 
responses that inhibit multiple components of the in?am 
matory cascade (e.g., aspirin, NSAIDS, anti-in?ammatory 
steroids, etc.), to provide even more effective therapeutic 
modalities. Protection against LPS toxicity Was antibody 
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dose-related, and more frequent dosing With higher amounts 
of antibody reduced mortality by up to 70% (FIG. 2A). Mice 
Were observed for at least 2 Weeks in all experiments, and no 
late mortality occurred, indicating that anti-HMGl antibody 
treatment confers lasting protection against LPS lethality, 
and does not merely delay the time of death. 

EXAMPLE 7 

HMGl in Human Disease 

[0147] This example provides data that establish an asso 
ciation betWeen HMGl and human sepsis, and thereby 
support an indication for using HMGl antagonists generally 
and anti-HMGl antibodies in particular in human sepsis and 
related conditions of cytokine toxicity. Serum HMGl levels 
in normal healthy individuals and critically ill patients Were 
measured using the polyclonal antibodies generated as in 
Example 4 in a Western blot format With reference to a 
standard curve of rHMGl. HMGl Was not detectable in 
normal controls, but accumulated to high levels in critically 
ill patients With sepsis (Table 2). 

TABLE 2 

Serum appearance of HMG1 in sepsis patients 

Patient Age HMG1 
(#) (year) (ngml) Diagnosis Outcome 

1 27 <d.l. Normal Healthy 
2 34 <d.l. Normal Healthy 
3 35 <d.l. Normal Healthy 
4 36 <d.l. Normal Healthy 
5 61 <d.l. Normal Healthy 
6 31 <d. 1. Normal Healthy 
7 55 10 Sepsis, Recovered 

anastomotic leak 
8 70 7*2O Sepsis, colonic Recovered 

perforation 
9 44 10*6O Sepsis, MOF, Died 

spinal reconstruction 
10 60 >120 Sepsis, MOF, Died 

perforated gastric 
ulcer 

11 47 >120 Sepsis, MOF, Died 
pneumonia 

Note: 
<d.l.ib6lOW detection limit; MOFiMultiple Organ Failure. 

[0148] These data shoW that elevated serum HMGl levels 
are observed in patients With sepsis, and the highest levels 
of serum HMGl are observed in lethal cases (Table 2). 
These data further indicate the therapeutic importance of 
HMGl antagonists in sepsis and also provide evidence for 
the diagnostic utility of an assay for sepsis and severity (i.e., 
potential lethality) of sepsis by measuring serum concentra 
tions of HMGl. This diagnostic assay is also useful for 
diagnosing the severity of allied conditions involving acti 
vation of the in?ammatory cytokine cascade. 

[0149] Additional subjects Were screened for serum 
HMGl levels in association With lethal versus non-lethal 
sepsis, With results (cumulative With Table 2) as described in 
FIG. 6. The data summarized in FIG. 6 represent serum 
samples obtained from eight healthy subjects and tWenty 
?ve septic patients infected With Gram positive [Bacillus 
?agilis (1 patient), Enlerococcusfacealis (1 patient), Strep 
Zococcus pneumonia (4 patients), Listeria monocylogenes (1 
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patient), or Staphylococcus aureus (2 patients)], Gram nega 
tive [Escherichia coli (7 patients), Klebsiella pneumonia (1 
patient), Acinelobacler calcoacelicus (1 patient), Pseudomo 
nas aeruginosa (1 patient), Pusobaclerium nuclealum (1 
patient), Cilrobacler ?’eundii (1 patient)], or unidenti?ed 
pathogens (5 patients). Serum Was fractionated by SDS 
PAGE gel electrophoresis, and HMGl levels Were deter 
mined by Western blotting analysis With reference to stan 
dard curves of puri?ed rHMGl diluted in normal human 
serum. The detection limit by Western blotting analysis is 50 
pg. Note that HMGl is not detectable in normal controls, but 
signi?cantly increased in septic patients. The average level 
of HMGl in serum of non-surviving septic patients (N =13 
patients, mean HMGl level=83.7:22.3 ng/ml) is signi? 
cantly higher than in survivors (N =12, mean HMGl level= 
25.21151 ng/ml, P<0.05). These data provide direct evi 
dence of the utility of screening tissue (including, Without 
limitation blood or serum) samples for HMGl sequences 
(protein or nucleic acid) as a diagnostic and prognostic 
indicator of the presence of sepsis and related disorders or 
cytokine activation and of the severity and likely clinical 
course of such diseases and conditions. 

EXAMPLE 8 

HMGl lnduces Pro-In?ammatory Mediators and 
Weight Loss 

[0150] The present results provide evidence that HMGl is 
a late released mediator element of the in?ammatory cytok 
ine cascade. Addition of recombinant HMGl to primary 
human peripheral blood mononuclear cells led to the dose 
dependent induction of TNF Within four hours after stimu 
lation (FIG. 3A). This stimulation by recombinant HMGl of 
TNF release by HuPBMCs Was not due to LPS contamina 
tion because: (i) puri?ed recombinant HMGl Was not con 
taminated by LPS as judged by an LAL endotoxin assay; ii) 
addition of the LPS-neutralizing agent polymyxin B did not 
affect HMGl-induced TNF release; and iii) proteolytic 
cleavage of recombinant HMGl preparations With trypsin 
completely abolished the TNF release activity for the PBMC 
cultures. HMGl stimulation also induced macrophages to 
release nitric oxide (NO). 

[0151] To con?rm that HMGl induced serum TNF release 
in vivo, puri?ed recombinant HMGl Was administered 
intraperitoneally to Balb/C mice, and blood samples Were 
collected to be assayed for TNF by the L929 assay. As 
shoWn in FIG. 3B, TNF Was not detectable is serum of 
control animals, but Was signi?cantly increased tWo hours 
after administration of recombinant HMGl protein. 

[0152] Repetitive administration of recombinant gene 
product of the HMGl gene (100 ug/mouse/day) caused 
signi?cant body Weight loss (FIG. 4) in mice. Without 
limitation as to mechanism and Without being bound by 
theory, these data are consistent With the hypothesis that 
HMGl acts as a feed-forWard stimulator of the pro-in?am 
matory cascade under both in vitro and in vivo conditions. 
These in vivo data in a predictive model of Weight loss also 
provide predictive evidence that a pharmaceutical formula 
tion comprising HMGl, or a therapeutically active fragment 
thereof, is an effective Weight loss therapy. 






